A precise diagnostics of hearing damages is still a challenge, especially because of limitations of present audiological methods. In this paper, the authors presented the main assumptions of the new method to record auditory responses evoked by high rate of acoustic stimulation. Continuous Loop Averaging Deconvolution (CLAD) is a technique for reading the overlapping recorded responses using the mathematical model of deconvolution developed by Delgado and Ozdamar (2004) and improved by Bohorquez and Ozdamar (2006). Such an option of acoustic stimulation and auditory evoked potential acquisition is getting a new tool for evaluation of the adaptation processes in the hearing organ.
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Auditory system impairment constitutes the largest part of sensory disorders, as auditory cells are particularly sensitive to physical and chemical stimuli, as well as to pathological processes. Audiology offers a number of diagnostic methods that facilitate hearing assessment to a large extent. However, precise evaluation of hearing loss may still pose a challenge. Pure tone audiometry, impedance audiometry, otoacoustic emissions and auditory brainstem response (ABR) record morphology analysis usually provide us with an approximate answer to the question concerning the kind of pathology we have to deal with in the patient. Although we are able to determine which pathology, i.e. cochlear or extra-cochlear, dominates, it is still imprecise. We are not able to determine, though, what processes within the cochlea and outside this structure are affected by pathology. It is also impossible to predict the pace at which the damage to the auditory system progresses. Electrophysiological hearing tests are usually based on averaging techniques at stimulus presentation rate values of usually up to 30/s. Due to the use of high stimulation rates, the responses overlap, which leads to comprehensibility loss. On the other hand, conventional stimulation rates are insufficient to visualise each kind of pathology within the auditory system [1] [2] [3] [4] [5] .
Stimulation rate in traditional signal averaging techniques is always constant, which limits the readout frame of the data that can be used. If particular, the response to each stimulus does not cease before the next stimulation occurs, overlapping responses become incomprehensible, and the extraction of corresponding potential components becomes impossible. That is why such a response is useless for hearing loss diagnostics. Because of this limitation, stimulation rate is limited by the time needed to register the physiological response. In case of e.g. the ABR method, in which the response duration time is usually 12-15 ms, maximum excitement frequency, which can be implemented, is limited to the range of 83.3 -66.7 Hz. [3] [4] A solution to this problem was developed in Miami by Delgado & Ozdamar (2004) , and improved later by Ozdamar & Bohorquez (2006) . The Continuous Loop Averaging Deconvolution (CLAD) method developed by these authors relies on the so-called deconvolution of overlapping responses and eventual extraction of particular elements of record morphology within the auditory pathway, i.e. particular potentials and their latency values [6, 7] . Schematic representation of stimulation and acquisition for ABR, ASSR, and CLAD is presented in Figure 1 (Fig. 1 ).
Eysholdt and Schreiner introduced a revolutionary concept in order to avoid the limitation caused by conventional averaging in 1982. They were able to differentiate overlapping responses to particular singular potential values thanks to the use of artificially created Maximum Length Sequences (MLS) stimuli [8] . Research conducted later confirmed that this method is efficient and reliable. The researchers also showed that there are other similar sequences, such as e.g. Legendre Sequences (LGS) [9] [10] [11] . These studies confirmed that the generated response was identical to the response acquired using conventional averaging. Later on, other independent researchers broadened the scope for its application and improved the data acquisition process [11] [12] [13] [14] [15] . Reports concerning the clinical use of, in particular, the first method can be found. These options are based on averaging techniques that are implemented in order to improve signal-to-noise ratio (SNR) and to enable the presentation of acquired responses in the same way as conventional techniques. That is why there is a possibility to analyse the morphology of the records, as well as to perform their both qualitative and quantitative analysis. An important limitation is the fact that stimulation sequences for the MLS techniques are determined by the parameter known as minimum pulse interval (MPI), and not by average stimulation frequency. It means that for MLS of L=127, we have 64 pulses, whereas for e.g. MPI=2 ms, mean stimulation rate is 251.97 Hz. Nevertheless, stimulation rate is within the range of 15.748 Hz to 503.94 Hz. That is why the record acquired as a result of averaging was actually created in response to different stimulation rates that exhibited a specific mean value. Taking into account adaptation processes within the auditory organ, stimulation rates of 16Hz and 500Hz are completely different, incomparable parameters, and the calculated mean value constitutes the third parameter. That is why any kind of response analysis concerning the stimulation rate function, i.e. adaptation phenomena etc., should generally not be performed, or it should be assumed that the result will merely be a huge approximation [9, 11, 13, 14] .
Stimulus manipulation is an exemplary option that enables to assess various processes that occur within the cochlea and in the auditory tract. The use of click or frequency-specific tone enables us, as stated in a certain simplified way, to examine a particular area within the base membrane and appropriate nerve fibres related with the phenomenon of monotopy. By stimulating the ear with sounds of different frequency values we can measure the sensitivity of the auditory system and determine hearing thresholds. By using appropriate envelopes for frequency-specific stimulation tones we can improve significantly the frequency-specificity of the response. Stimulation rate also significantly affects the morphology of the records. Virtually, in conventional analysis techniques with the use of 12-15 timeframes, we cannot stimulate at higher rates than 66.7 to 83 Hz, respectively. Stimulation rate depends on the interstimulus interval (ISI). The reduction of ISI value leads to an increase in the stimulation rate. Exceeding these values would lead to the overlapping of singular responses and would render them impossible to interpret. Until recently, no method, which would overcome this limitation, was available. In 2001, Jewett (16) presented a mathematical model called WAAD (Wrap Around Average Deconvolution). A specially designed sequence of reactions that overlap in time constitutes the core of this model. However, this method is effective only for a few, specially designed sequences that are generated using a trial-and-error method after long and difficult calculations.
A new technique for high stimulus rate and response record analysis in the CLAAD option is a solution to the problems The number of unknown variables corresponds to the amount of the acquired data. If all conditions are met, the equation is solved, even if the signal is very weak. It is possible because in case of CLAD, hundreds of pieces of data are acquired over a short period of time, thanks to which the averaging process is reliable. The CLAD option is based on two simple assumptions, i.e. that singular response to an acoustic stimulus is independent of others and that a complex response is a simple arithmetic sum of singular responses evoked on the basis of singular stimulations. The mathematical model used for the extraction of singular records on the basis of a complex response was described in detail by the authors of this technique, i.e. Delgado and Ozdamar (2004) , and later on completed and improved by Ozdamar and Bohorquez (2006) (6, 7) . This original method is complementary with SmartEP devices that form a complete platform used for the registration and acquisition of the recorded evoked potentials. Figure 2 (Fig. 2) shows schematically the method of generating stimulus sequences and acquiring auditory responses.
In the CLAD method, similarly to other deconvolution techniques, the basic assumption is that the response acquired for each stimulus is exactly the same, independent of the interstimulus interval, and that the complex response is a simple arithmetic sum of singular responses following singular stimulation. Based on this assumption, the summary response is presented as a mathematical equation, which allows after preparation to define particular, superimposing counts. Moreover, the acquisition should be performed in such a way that no data is lost, no additional unknown variables are introduced to deconvolution equations. That is why they are recorded using a specific loop-shaped buffer, in which data is registered continuously during the stimulus presentation sequence (Fig. 2) . The acquired equations constitute the basis for the deconvolution process. However, one should bear in mind though that not all stimuli are used for the response preparation. CLAD software determines automatically whether the given sequence is eligible or not, and then generates appropriate deconvolution equations. Therefore, the interpretation of erroneous data can be avoided. As shown in Figure 2 , the equations are transmitted to the data acquisition module (which is an element of each SmartEP device) in the next stage, and are later on deconvoluted during response registration and after its off-line completion. Averaging may have to be implemented according to the signal-to-noise ratio (SNR). In these cases the cycle is repeated a required number of times, and the data is added to the buffer simultaneously. [6, 7, 18] This technique can be successfully implemented when taking ABR, EcochG, and MLR measurements. Its superiority over classical methods is observed at high stimulation rates, which results in the increase in response latency and, therefore, confirms the fatigue of the system and the presence of pathology that would be indiscernible at a traditional stimulation rate of 30/s. Figure 3 (Fig. 3) presents the ABR record sequence for stimulation rate of 195/s before and after deconvolution. It is apparent that completely incomprehensible overlapping waves cannot be interpreted before deconvolution, whereas the same response after deconvolution is comprehensible and can be analysed in the same way as traditional ABR records, taking into account the presence of particular waves and their latency values. Parallel situation was shown in Figure 4 (Fig.4) , in which EcochG records for click at 65 dB nHL stimulation level and increasing stimulus rate are presented. It was shown that the responses acquired at a high stimulus rate are incomprehensible due to their overlapping. After deconvolution however, summation potential SP and action potential AP are clearly comprehensible. Figure 5 (Fig.5) shows the reduction of AP amplitude at relatively constant SP values along with an increase in the stimulation rate. Changes in the values and mutual relationships of particular potential amplitudes and latency values reflect the processes of adaptation and fatigue within the cochlea. [18] [19] .
In conclusion, the CLAD technique enables to adapt the stimulation both to the patient and to the preferred exami- Fig. 3 . The ABR potentials, registrated before and after deconvolution process Fig. 4 . The ECohG potentials, registrated before and after deconvolution process artykuł przeglądowy / review article nation. That is why it is an indispensable tool for the evaluation of adaptation processes within the auditory organ. As opposed to the methods that were described earlier, it enables to generate reproducible stimuli that, even if weak, they can be read correctly and the response can be interpreted correctly thanks to a well-preferred averaging method [6, 7, 18] . This possibility will enable scientists to broaden their scope of research and assess auditory responses that were inaccessible earlier, i.e. if less elaborate techniques were used.
There is much more to CLAD than audiological measurements. The deconvolution method can be used for any kind of technology that requires the averaging of acquired signals, such as evoked potentials, but also magnetic resonance, acoustic systems, sonar, radar, electrical devices in a broad sense or hydraulic systems. 
